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This piaper^^estions evidence for the thesis that 
causal reasoning of older cnSSLdren is more 3.ogical than that of . ^ 
younger ones, and describes tVp experim^ts which attempted to 
determine (1) whether there adb true developmental differences in 
causal reasoning, and (2) whawexplanations , for * developmental 
differences can be supported ♦ In ibhe first experiment a problem that 
was completely uhfaftimar to the subjects was used, so that subjects 
could, not base their m'sponses on previous st?itements of parents or 
t€^ac'hers. Results indicfated a clear developmental, differencfe. In- 
order to generate plaup;^yie interpretations of this finding, an 
information processing model was constructed to describe the steps 
involved in perfbrmingi the experimental task. Various developmental 
differences were jte s ted using an' interactional strategy, 'Siegler and 
Liebert^s regularity-without-rcontiguity task was analyzed and 
different versions presented to children of different ages. Competing 
^planations of the devj^lopmentci.1 difference were tested. Findings 
indicated that the diff^j^ence lay on^^Jai the subjects' ability to 
overcome the influence o| the bl^gMng lights of the computer used in 
the experiment. The use' bf sudh' an interactional design, is, 
recommended as a procedu|e .for directly comgaring the sti^ength of 
factors which are hypothesized as central by different theories, 
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» An mfotmation processing approach education 

^°-f f I i Y^^,5 OOCUMENT flAS EEEN REPRO 
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ULI 1-^ -^1. THE PERSON OR ORGANIZATION ORIGIN. 

'to children's causal i:easoning « ating it points of view or o*piNioNs* 

' ' ' • "si*, STATED DO NOT ^NECESSARILY KEPRE 

SENT OFFICIAL NATIONAL institute OF 
riT^ ^ t ^ \ ' EDUCATION POSITION OR POLICY .*» 

Robert S. Siegler , 
\ » * ' • 

<^ " ' - , , ■ * 

Carnegie -Me lion University. ^1 ' ' 

• . / 

The work that I am going to talk about -toda^ is in the area of children's* c^iusal 
reasdning. However, the issues that I hope'tq raise go beyond the topic" area and 
concern how we can best uncover and explore developmental differen^s^J^ children '-^ 



reasoning. First, I will describe how a developmental difference in causal r^a^^iuhg 
^ was uncovered in a^i earlier experiment. *Then I will tailc about -a recent stpdy i(n 
which various explanations for the' developmental difference were tested. Finally, I 
viill point?* to ^ome broader ramifications for the investigation of cognitive develop- 
ment * ^ 

Host tasks used in studying causal reasoning' are' taken directly from Piaget's 
work. Children are asked "questions such as *U\liat causes the. tides?"' ot "IVhat causes 



^me 



the wind?f\ Older children tend to respond with answers such as "tl^e moon," "gravity," 



.^5^ and "air currents." Younger ones, by contrast,' indicate that th«dr^ fathers 'or God are 
the sources of causation. © On the basis of such evidence, Piaget and sutfsequent in- 



^jgr\ vestigators have concluded that the caiisal reasoning of older children is more logical 
^^■^^ than that of younger ones. Yet ^.re the changes on such problems in the area of logic^ 

or are they changes in simple factual knowledge? Newton did not discover the Law of 
f-y -gravity until the 17th century. The relationship of the moon to the- tides wa&Jcnoim . 
earlier to Sea-faring cultures, but what is the likelihood that contemporary 8- or £ 
D-y-earrolds wou^ discover them oa their pm? Jt seems most j>ro«ablc that "Such 

^ - ' ' ' ' ■ 
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traditional questions doNiot evoke v children's logic all, but ratheir\Keir 

. ■ • « ' • 

remembrance of the sophisticated explanations of parents and science teachers* 

• ' * . "^-^ 

To determine whether there were true dejivelopmental differences in causal reason- 
ing, then, a totally unfamiliar jjr^lem was needed in which children could not rely 
on previous statements of parents or teachers; each child would evaluate the sam^ 
data with no directly relevant prior knowledge. In the task used, children were 
asked to determine i^hich of two possibilities was causing an electric light to go on: 
it could either be the activities of a perceptjoally salient "computer" with orange, 
green,^ and red blinking lights or the insertion of an IBM cayd into an unadorned gray 
"card programmer." The computer operated on a preprograimned, moderately complex 

cycle; its activities i^ere uncorrelated with the v light bulb's onset. By analogy, it 

/ , . . • ; • . • ' - f 

represented all the activities occuring in the world sifnultaneously bxit unrelated to 

the event to be explained. On the other hand, insertion of the catd into the card 

programmer represented a^ specific possible cause VJith a specifiable relatiojiship to 

■ . ' . ^ ' ' ^ ' t 

, the light bulb's onset. ^ ' 

In ^e initial experiment (Siegler ^ Liebert, 1974), Mtfe were interested 'in the 
classic causal variables of contiguity and regularity; jwe varied them in a simple 
factorial array. Thus,- some of the five- and some of the eight-year-olds saw the 
light bulb go on every time immediately after the card was inserted into the program- 
mer (contiguity and regularity) ; some saw it go on immediately after the card's in- 
sertion on Qne-half bf trials and not at all on the other one-h^lf (contiguity with- 
out regularity); sbme saw it go on- every time but only after five seconds had passed 
^ince insertion (regularity without contiguity); and the ' remaindef* saw it flash on 
only one-half of trials and then only after five seconds had passed (neither con- 
tiguity nor regularity). . v ^ 

The results, of this initial experiment indicated, a clear develppment^al differ- 

w^ri9^ ence. Both five- and eight-yeaf-olds chose the card programmer as the causal agent 
tRlL ^ 



more often when the paijing had b^en temporally contiguous than vjhen it had been 
delayed, but only the older children chose it more often whpn tire li^ht bulb went dn 
every time than when it went on only one-half of the time. ; \ • 

At this point, the likelihood that there existed a true develo^j^fehtal difference 
in the effects of regularity on causal reasoning seemed quite great, but its explan- 
ation remained unclear. There were two major conceptual problems in app:5oadhing the 
explanatory issue: how to generate plausible interpretations and how to determine 

which of the plausible interpretations* were in fact effective. The first problem was 

It 

solved by constructing an information processing model of the steps necessary to do 
the task — it was assumed that the source of the developmental difference would lie in 
ability to perform one or more of these processes. The second problem, testing the / 
interpretations,' wa„s re'solved, by adopting an interactional strategy. Specifically, ' 
children of JTll^ferent ages were presented different versions of the basic task: The 
versions differed in their deiAands that particular component steps within the infor- 
mation processing model be perfbrmed. Presumably, if the developmental difference 
resided in unequal ability on a particular process, then removing the ne<id to do that 

step vjould reduce the difference between age groups. Removing a step that was jtot aif 

■ ■* ' . 

important source of the inecHJality would, by this logicj leave the difference intact, 
r In thtr current -experiment, I applied this strategy to analyzing Siegler and 

«r 

Liebert's (1974) regularity without contiguity task— the task in which the light 
bulb went on each time the card was inserted in tfo' the card programmer but only after 
a five-second- del^y. Th6 information processing model for the problem is quite com- 
plex and evidence necessary, to fill in certain portions in detail is lacking, but the 

- r 

basic outlines can be conveyed in terms of a few broad steps. First, children need 
to accurately encode the instructions and to decide on criteria<,for when they will. 
infer causation. Next, they need to note that despite occasional contiguous p^aj^rings. 



there is no consistent correlation between the activities of the computer lights and, 
thQ light buXb^s dnset, and that there is a regular relationship between the bulb's 
onset and the card's insertion. Making this latter connection demands the ability to 
represent temporal' intervals in memory/ to compare them, and to note their equality 
OT inequality. Finally, on the basis of this knowledge^ children must infer that the 
relationship between the card's insertion and the light bulb's onset Hs causal, while 
the relationship between the bulb's onset and the blinks of the computer lights is 
not. / . * 

This model suggests a number of possible sources, of the developmental diffei^ce. 
Younger children could fail to conclude that the card's insertion caused the lifi^ht to 
go on betause they, misencoded the initial instructions; because they were unable to 
rule put a relationship between the computer lights and the light bulb's flashes; 
because shortconings of meipory prevented them from represent in g*, comparing, or noting 
the eqUal^Lty of | the five-second periods betv/een the cArd's insertion and the light's 
onset; or^^becatise they noted all relevant relationships but did not infer, that the 
card programmer was causal. Each of these explanations was tested in turn; however, 
before doii^g sp,'an effort v;aa made to rule out ti^o alternative explanations, ex- 
trinsic to the information processing model but possibly relevant tjo oxT)laining the 
developmental ^difference ' • / . 

One alternative hypothesis concerned the social psychological phenomenon of 
commitment. \In the earlier ^kporiment, children were asked to identify the causal 
agent each time the light jbulb went on, including the first trial, before any regular 
relationship could have bfecome apparent. The very act of making judgments may have 
produced in Itindergarteriers an art if actual commitment to continue choosing a specific 
causal agent, even if it meant ignoring the implications of changing knowledge .\ This 
possibility seemed especially plausible because over three-fourths of the kiif^der- 
garteners in the earlier experiment had ^h osen the same object as causal on all six 
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trials, compared to roughly one-fourth of third graders. Therefore, the procedure 

was changed so that no response was requested until the light had gone on six times. 

Under this cdndilTion, as previously, older children were substantially more likely to 

^ ' (Lapse the card programmer as the cause when there was a regular fiv^-second delay 

between the card's insertion and the^liRht's onset than" when there ^^as no consistent 

relationship. Younger children were unaffected by the regularity relatioYiship., The 
** . * . • ' 

absolute numbers v/ere quite dramatic; all 12 of the older children in the regularity 

^ condition chose the carH programmer as the causal* agent versus only 5 of 12 of the 

younger ones (Table 1) . ' ^ 

The second alternative that I wished to rule out ;^s the possibility th^^ounger 

children processed the information in basically the same way as older ones, but were 

slower either in^ rejecting the lAconsastent relationship or in detecting the coii&ister 

one. To tes.t this hypothesis, the length of the trials period was doubled; rather 

than seeing the light WKb go^on 6 times, children s^w it go on 12 times, in each 

case 5 seconds after the card had been inserted into the programmer. This longer 

trials period had no effect; t)nly 4 of thQ 12 kindergarteners chosiis the card pro- 

grammer as the Causal agent compared to 5 of 12 in Experiment 1 (Table 1). It thus 

appeared that the developmental difference might be accounted for by one or more of 

the operations specified in the information processing model. j 

First^the possibility was tested that the younger children in fact had gathered 

sill of the information about the relationships of .the computer's and card programmer's 

activities to the light bulb's onset, but that on the basis of this information they 
were reluctant to infe^ that the one relationship was causal. To eliminate the need 

to draw this inference, a second dependent measure was added. After the trials 

' period, the light bulb was unsicijewed', children were tald that the 'experimenter would 

turn the a)inpiiter and card programmer back on and that they should' press th| buzzer 

ERJC Lhen they, thought the light bulb would have gone on |f it still scrg«igd in. ,The 



computer jand card programmer were switched, back on, and the timing oi the buSzer 




press was recorded. After this, children v;ere asked what they thought had ^used 
the light to go on. If» differential criteria for drawing; the causal inference was 
the source of the developmental dif:ference, younger children's buzzer presses pre- 

• . . ■ . 0 . .. ^ ■■■■ 

sumably would be as" accurate as those of older children, but the differences on the 

verbal measure v;ould be expected to remain. ' 

In fact, the nonverbal measure! o¥ lcnowle4ge (revealed a very similar* pattern to 

the verbal one. Of the .10 ttiird graders, 9 pressed the buzzer within tv;o and one- 

« 

half seconds of when the light would have gone on--that is, at^^east two and one-half 
and no more than sev^n apd one-haJf seconds after the card had been inserted into the 
programmer. Only 4 of the 10 kindergarteners met this criterion of accuracy. Es- 
pecially interesting, the children whose buzzer presses were accurate almost always 
chose the card programmer as the causal agent, v;hereas ff^w x^hose presses were inac- 
curate did (Table 2). Thus, the developmental difference was not due to differential 
standards for^nf erring a causal relationship. 

The next step was to test x^hether the difference t^ras due to misencoding of the 
instructions. Specifically it was possible that v;hen told to find out \^;hich object 
was^ausing the light bulb to go on, younger children precluded the possibility of 
a delayed but regular relationship, due to a more restricted definition of what con- 
stituted a cause. 'To eliminate this potential ^source of difficulty, the instructions 
were changed so that children were asked to find out v/hat told them when the light 
would go on. , i 

Again, the developmental difference rema?ified--8 of the 10 older children had 
accurate buzzer presses versus 3 of lOVoi^fiRer ones. Thus, misencoding of instructions 
was rejected as an explanation. ^ 

Finally, an attempt was made to determipe .whether the developmental difference 
was due to an absolute^ inability of the younger children to represent in memory, com- 
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pare,' and note the equality of the temporal delays between the card's insertion and 
the light.'bulb's going on. , or whether the distracting qualities of the computer were 
responsible for the difference. To test these aLtematives, the pomputer was re- 
moved. In all other respects, the procedure was identical to earlier ph^es; for 
obvious reasons, the buzzer press measure was the only one used, y^he developmental 
difference was in absolute ability to represent temporal delays in memory, the differ- 
ence Would be expected to remain. On the other haitd, if the distracting influence of 
the computer were responsible, the difference between third graders and kindergarten- 
ers \yould be expected to disappear. 

Under tliese conditions, the developmental difference did disappear. Only one 
more older thki younger child produced an accurate buzzer press--? versus 6. Thus, 
the problem was not in memory for the temporal durations, but rather seemed to be 'in , 
ability to overcome the distracting influence of the computer's lights or to reject 
their role as possible causal agents. Teg^sing out t^ie precise nature of the difficult 
caused b^r the' coif^ter's activities is thi next step. 

This strategy seems applicable to a wide variety of problems in cognitive dev- 

/ 

elopment.' A number of consistent developmental differences have been uncovered— in 
conservation, seriation, class inclusion, probability learning, hypothesis testing, 
and othey tasks. Many competing explanations have been proposed but rarely are these 
competing explanations tested against each other within the same procedure. This pre- 



cludes direct comparisons of the strengths of factors hypothesize(n:o be central by 
different theories. nSl also increases, the number of procedural variables confounding 
theoretical interpretations jrjhile, leaving unspecified their effects. Use of inter- 
actional designs, varying the age of the learner and the demands of the basic -task, 
can alleviate these problems.' ^n addition, proceeding in the present way allows 
Strong rejection of the importance of certain theoretical explanations. Finally, the 
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approach suggSSsts a method for convergent validation of interpretations. \£ the 
processes unJler lying developmental differences on a task are understood, then either 
of twtr approaches should be sufficient to narrow the gap in performance: changing 
the* task,-by-iPliminating the hypothesized sourcp of difficulty, or changing the ^ 

.It- or < • . 

child, by engendering mastery of the relevant operations through training* 
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more detailed description of the ^eriment described in thi? paper is 



provided in Si.egler (1975). 
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Table 1 V r ' 
Kindergarteners '-^ and third grad^&rs.^ causal Inferfe^ices^ 



A. Experiment 1 6 trials 

Chose card program Chose computer 

Third grade 

• Regularity 12 0 

Non-regularity 6 |) 6 
Kindergarten 

Regularity 5 » - 7 

Non-regularity 2 ' 10* 



B. Experiment 2 12 trials 



Kindergarten \ 
Regularity 



^Entries in table refer to absolute number af children choosing 
object as causal agent (N == 12/condition) 
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' Table 2 
Kindergarteners V and third graders' 
buzzer presses and causal inferences 
(Experiment 3) 



Qiqsei cara prograimner 




Chose computer 



Third graders 

, Accurate presses 

\ ■ ' - 
Inaccurate presses 



8 
•1 



Kinde r gafrt ene r s 

Accurate presses 
/ Inaccurate presse^/ 



2- 



2 
5 



>^ntries-in Table refer to absolute numbers of children 
choosin^T object as causal agent (H = 10/age group) 



